Living in a low socioeconomic status (SES) area is associated with an increased risk of cardiovascular events and all-cause mortality. Previous studies have suggested a socioeconomic gradient in daily physical activity (PA), but have mainly relied on self-reported data, and individual rather than residential area SES. This study aimed to investigate the relationships between residential area SES, PA pattern, compliance with PA-recommendations and fitness in a Swedish middle-aged population, using objective measurements. We included 948 individuals from the SCAPIS pilot study (Gothenburg, Sweden, 2012, stratified for SES, 49% women, median age: 58 years), in three low and three high SES districts. Accelerometer data were summarized into intensity-specific categories: sedentary (SED), low (LIPA), and medium-to-vigorous PA (MVPA). Fitness was estimated by submaximal ergometer testing. Participants of low SES areas had a more adverse cardiovascular disease risk factor profile (smoking: 20% vs. 6%; diabetes: 9% vs. 3%; hypertension: 38% vs. 25%; obesity: 31% vs. 13%), and less frequently reached 150 min of MVPA per week (67% vs. 77%, odds ratio [OR] = 0.61; 95% confidence interval [95% CI] = 0.46-0.82), from 10-minute bouts (19% vs. 31%, OR = 0.53, 95% CI = 0.39-0.72). Individuals in low SES areas showed lower PA levels (mean cpm: 320 vs. 348) and daily average MVPA (29.9 vs. 35.5 min), and 12% lower fitness (25.1 vs. 28.5 mL × min −1 × kg
Introduction
Socioeconomic status (SES) refers to classification of an individual's position in society, usually assessed as education, income and/or occupation (Galobardes et al., 2006) . Low SES is associated with a higher burden of cardiovascular disease (CVD) and all-cause mortality for the individual, as well as on a residential area level (Mackenbach et al., 2000; Meijer et al., 2012; Rosengren et al., 2009; Schaufelberger and Rosengren, 2007; Bergstrom et al., 2015a; Rawshani et al., 2015) . Low SES is also associated with worse prognosis after manifestation of CVD (Bergstrom et al., 2015a) . Although low SES is known to be associated with adverse CVD risk factors, such as smoking, hypertension, and hyperlipidemia, as well as health-associated behaviors (Manhem et al., 2000; Kanjilal et al., 2006) , these factors only provide a partial explanation for discrepancies in SES with respect to CVD (Marmot et al., 1997; Laaksonen et al., 2008) . Psychosocial factors have also been suggested as potential mediators (Marmot et al., 1997) . The unexplained difference in morbidity and mortality in relation to SES needs to be further investigated.
The city of Gothenburg is socially segregated, with a clear geographical distinction between socioeconomic groups. There are also differences in prevalence and all-cause mortality of CVD between areas of high and low SES (Inequalities in Health and Living Conditions in Gothenburg: Interim Report, 2014). Area-level SES provides information of the habitants, as well as its history, class, accumulation of capital and other aspects shaping health. Therefore, relevant information regarding the social and health status of the investigated population may be lost when only investigating individual characteristics (Galobardes et al., 2007) . Additionally, studying health effects at an area level is relevant for policy making having a potential effect on neighborhood health (Sugiyama et al., 2015) .
Daily physical activity (PA) and cardiorespiratory fitness (CRF) have widely documented cardioprotective effects (Lee et al., n.d.; Blair et al., 1989) . There is rising concern that sedentary behavior in itself may contribute to CVD independently of PA levels (Dunstan et al., 2012) or fitness. Direct measurement of absolute intensity of PA allows for detailed assessment of individual PA patterns. This can be defined as time spent in different activity levels, varying from sedentary behavior (SED) to light intensity PA (LIPA) and PA of moderate-to-vigorous intensity (MVPA).
Current national/international PA guidelines typically recommend at least 150 min/week of MVPA, spent in prolonged bouts of 10 min or longer, preferably on most days of the week (Haskell et al., 2007; The Swedish National Board of Health and Welfare, 2011) . Previous studies that used objective measurements of PA have shown generally low rates of adherence to the current PA guidelines (Hagstromer et al., 2007) . The daily movement pattern and fulfillment of national PA recommendations in Swedish men and women aged 50-65 years have previously been described (Ekblom-Bak et al., 2015) . There are higher levels of MVPA and sedentary time in individuals with a higher education. However, the relationships between area-level SES, daily PA, fitness, and fulfillment of national PA recommendations have not been examined. Area-level SES is associated with objective and perceived environmental attributes known to correlate with physical activity, such as neighborhood density, esthetics, and fear of crime (Sugiyama et al., 2015) . Therefore, area-level SES may influence physical activity independently of individual SES. This study aimed to investigate the relationships of area-level SES with PA patterns, CRF, and adherence to national physical activity guidelines in a middle-aged Gothenburg population.
Methods

Study population
The study population for this investigation originated from the Swedish CArdioPulmonary bioImage Study (SCAPIS) pilot trial, which was conducted at the Sahlgrenska University Hospital in Gothenburg, Sweden in 2012 (Bergstrom et al., 2015b) . A total of 2243 middleaged individuals (50-65 years) were selected from the Swedish population registries and stratified for socioeconomic area. Participation rates were significantly different (37.1% in low vs. 67.2% in high SES areas). A total of 1111 individuals agreed to participate. The extensive study procedures occurred during 2 or 3 days and included measurement of blood chemistry, anthropometry, electrocardiogram, blood pressure, and lung function testing, as well as imaging studies. To estimate daily PA and fitness, participants wore an accelerometer during 7 consecutive days and performed a submaximal bicycle test. All of the participants provided written informed consent. The study was approved by the Ethics Committee of the University of Umeå (Dnr 2010-228-31M).
Socioeconomic status
The known geographical disparities in the Gothenburg region, described above, enabled assessment of SES by residential area. Participants from the north-eastern residential areas were classified as having low SES, while residents of the western areas were classified as having high SES. Information regarding education level was also collected to control for individual-level SES. Education level was divided into four categories: (1) no basic education, (2) completed primary school, (3) completed secondary education, and (4) university degree or higher.
Physical activity
PA data were collected using the ActiGraph model GT3X/GT3X+ accelerometer (Actigraph LCC, Pensacola, FL, USA). This small device measures acceleration, thereby providing continuous data of PA intensity and frequency, which is summarized into units called counts. The accelerometer is carried in an elastic belt over the right hip. Study participants were instructed to wear this device during waking hours for 7 consecutive days from the first study visit, the only exception being water-based activities. After completion, the accelerometer was returned to the laboratory by prepaid mail. The accelerometer was initialized and downloaded using ActiLife v.6.10.1 software. Raw data sampling frequency was set to 30 Hz, and extracted as 60-s epochs with a low frequency extension filter for the present analyses. Uniaxial data were analyzed.
Of the 1111 participants, 1067 (96%) agreed to wear the accelerometer and 948 (85.3%) showed valid data of at least 600 min of recording for at least 4 days (Trost et al., 2005) . The majority (67%) showed valid data for the entire 7-day period, 19% had data for 6 days, 9% for 5 days, and 5% for 4 days. Accelerometer data are shown as average time per day spent in intensity-specific categories (SED, LIPA, and MVPA), using mean counts per minute (cpm) as a mean value of activity over the entire studied period, and as the degree of fulfillment of current PA recommendations. Wear time was defined as the non-wear time subtracted from 24 h. Non-wear time was defined as 0 cpm for more than 60 min, while allowing a maximum of 2 min between 0 and 100 (Troiano et al., 2008) . With regard to intensity, cpm b 100 was defined as being in SED (Matthews et al., 2008) , between 100 and 2019 cpm as LIPA, and N2019 cpm as MVPA (Troiano et al., 2008) . Mean cpm is a measure of total PA, which was calculated by dividing the total number of counts registered by total wear time.
To better understand to which extent Swedish national PA recommendations are actually met, analyses were performed with variation in strictness of interpretation as follows: (1) accumulating at least 150 min/week; (2) accumulating at least 150 min/week from prolonged bouts of 10 min or more; (3) accumulating at least 30 min/day on at least 5 days of the week; and (4) accumulating at least 30 min/day on at least 5 days of the week, all from bouts of 10 min or more.
Cardiorespiratory fitness
All of the participants were invited to undertake a submaximal ergometer test. CRF (VO 2 max, expressed as mL·min
) was estimated by the Åstrand method (Astrand, 1953; Astrand and Ryhming, 1954) , which is based on a linear relationship between heart rate and oxygen consumption with workload. Measurement of heart rate at a sub-maximal work rate, usually 60-70%, allowed for estimation of maximal oxygen uptake. A total of 592 participants had valid tests. Participants with a diagnosed heart condition or taking beta-adrenergic blockers constituted a majority of excluded participants, other reasons for non-participation included pain (hips, back, knees), obesity and perceived inability to perform the test.
Other measurements
Anthropometrics, including weight, height, waist, and hip circumference, were measured at the first study visit. Body mass index (BMI) was calculated (body weight / height squared) and stratified into groups: (1) (4) obese (BMI ≥ 30). The waist-hip-ratio (WHR) was calculated and classified as high or low according to current WHO guidelines, with N 0.90 for men and N 0.85 for women classified as high (Nishida et al., 2010) . A comprehensive questionnaire was administered to collect data regarding self-reported health, and environmental and psychosocial factors. Self-reported active smoking, diabetes, and chronic obstructive pulmonary disease/asthma diagnosis were dichotomized. Measurements of brachial blood pressure and samples for blood chemistry were also collected.
Statistical analysis
Data were tested for normality using the Shapiro-Wilk test. Because most variables were skewed, descriptive data are shown untransformed as median and interquartile range (Q1-Q3). We used multiple regression models to estimate the associations of our main outcomes and SES areas, independently of sex, age, and educational level, and their interactions. For intensity-specific PA, MVPA, and PA recommendation outcomes we used linear, Poisson, and logistic regression, respectively. In the linear regression model, the outcome (intensity-specific PA) was logarithmically transformed. Model coefficients and their 95% confidence intervals (95% CIs) are presented. Variables that were included in the models were checked for collinearity. The level of significance was set at p ≤ 0.05. All statistical computations were made using SAS 9.4 TS Level 1M0.
Results
A total of 947 subjects were included in the analyses (women, 51%). The median age was 58 years (54-62 years). A total of 69% of participants were overweight or obese (63% in the high SES group vs. 74% in the low SES group). Notably, the largest difference in proportion of BMI was observed in the obese group (BMI N 30), with 31% in the low SES group versus 13% in the high SES group. A total of 77% of participants were classified as having a high WHR, while 13% reported regular smoking and 6% reported having diabetes in the total study group. The majority of the population reported complete upper secondary school as their highest education (44%), with marked differences between SES strata (Table 1) .
Moderate-to-vigorous intensity physical activity recommendations
The degree of fulfillment of current PA recommendations differed between SES groups (Table 2) . A total of 72% of the study population achieved 150 min/week of MVPA. However, only 7% of the total population adhered to the strictest form of the guidelines (30 min/day on at least 5 days of the week, from bouts of 10 min or more). Notably, adherence was generally lower in the low SES areas. After adjustment for age, sex, and wear time, the odds ratio (OR) for comparing low SES areas to high SES areas for achieving 150 min of MVPA per week without any further requirements was 0.61 (95% CI = 0.46-0.82), although further controlling for education level abolished this relationship (OR = 0.84, CI = 0.61-1.16). The OR was slightly lower when we added the requirement of MVPA to be performed in bouts of at least 10 min (OR = 0.53, CI = 0.39-0.72). When further controlling for educational level, the OR was 0.66 (CI = 0.48-0.91). When we compared high and low SES areas and included the further requirement of 30 min of MVPA daily at least 5 days of the week, no difference between SES areas was observed (OR = 0.92, CI = 0.70-1.20), even after adjusting for age, sex, and wear time (OR = 1.04, CI = 0.77-1.34), when additionally controlling for education. Similarly, for the most restrictive demand that required 30 min/day on at least 5 days of the week in prolonged bouts of 10 min or more, no significant difference was observed between SES areas (OR = 0.62, CI = 0.37-1.04). When additionally controlling for education (OR = 0.64, CI = 0.37-1.11, Table 3 ).
Fulfillment of PA recommendations also varied with sex, but no interaction effect was found across SES × sex (Fig. 1) for any of the levels of strictness.
Physical activity patterns.
The median wear time was 14.3 h per day, with a small, but significant, difference in observation time between the study groups (861 vs. 847 min for high and low SES, respectively, Table 4 ). A total of 60% of the wear time was spent in SED (mean, 515 min/day) and 36% was spent in LIPA (mean, 303 min/day), with no difference between the groups. The high SES group spent more time in MVPA compared with the low SES group (35 vs. 30 min/day), which was significant in the regression model when corrected for age, sex, and wear time. However, this relationship did not persist after additionally controlling for education level. There was a significant difference in levels of overall PA estimated by mean cpm (348 vs. 320), after controlling for age, sex, and wear time. Educational level had no effect on this relationship.
Cardiorespiratory fitness
A total of 592 subjects provided valid ergometer tests (338 from the high SES group and 254 from the low SES group, Table 4 ). The high SES group showed 12% higher mean values of VO 2 max than did the low SES group (28.5 vs. 25.1 mL × min
). These results were significant in the binominal regression model, controlling for sex, age, and active smoking (p b 0.001). When additionally controlling for education level, the effect of area-level SES persisted. Analysis showed no significance for the lowest education group (group 1), while groups 2 and 3 showed significantly lower levels of CRF compared with the highest group (4). 34 (188) 
Discussion
The main findings of the present study were that living in a low SES area was associated with less daily PA and lower CRF in regression models, which were corrected for age, sex, and other potential confounders. This effect also proved largely independent of individuallevel SES, which was estimated through education. This finding indicated that the correlation between area-level SES and PA may have other mediators.
The cardiovascular risk factor profile was generally poorer in subjects living in low SES areas (Table 1) . Previous investigations of the current population sample showed that accelerometer-assessed PA level and CRF were correlated with metabolic syndrome, as well as its subcomponents . Additionally, an inverse relationship between education and MVPA, with a linear relationship with aspects of sedentary behavior, further supports the existence of a socioeconomic gradient in PA at the individual level (Ekblom-Bak et al., 2015) . These results combined with the previously known associations between SES and known cardiovascular risk factors, prevalence, and mortality in CVD (Mackenbach et al., 2000; Meijer et al., 2012; Rosengren et al., 2009; Schaufelberger and Rosengren, 2007; Bergstrom et al., 2015a; Rawshani et al., 2015; Manhem et al., 2000; Kanjilal et al., 2006) , further support the idea of physical inactivity as a potential mediator.
With regard to accelerometer measurements, the study population showed generally low levels of PA and high levels of sedentary behavior, as previously described (Ekblom-Bak et al., 2015) . Importantly, there were no significant differences in daily average SED or LIPA between study groups. There was a significant difference in MVPA between groups, with less MVPA in low SES areas. The same pattern was observed in mean accelerometer activity. Interestingly, while the observed difference in MVPA between study groups was attributable to a difference in education, the relationship between average accelerometer activity level and SES area was persistent, independent of educational differences. This finding indicates that the effect of area-level SES on daily PA patterns may be mediated only partly by individual SES, as assessed by education level. A possible explanation for this effect is differences in neighborhood walkability, which is a measure of the PApromoting ability of the local environment, known to be correlated with PA regardless of area level SES (Sugiyama et al., 2015) . It has also been found that low-SES area residents have less positive perceptions of their physical environment (Leslie et al., 2010) . As the studied areas might differ in environmental attributes (e.g. residential density, traffic, and neighborhood esthetics) disfavoring the low-SES areas, these could be considered potential targets for future PA-promoting interventions. In summary, these findings support studies that used self-reported measurements suggesting a socioeconomic gradient in PA (Kavanagh et al., 2005; McNeill et al., 2006; Rodjer et al., 2012) .
Analysis of national recommendations showed low rates of adherence in the total study population, with only 7% reaching fulfillment of the strictest category of interpretation, with no observed difference found between the study groups. For the least strict interpretations of reaching 150 min of MVPA per week, or adding accumulation of these through prolonged bouts of 10 or more minutes, a significantly higher rate of fulfillment was observed in the high SES group than in the low SES group. The effect of education on these outcomes was inconsistent, with only the least strict interpretation of the recommendations affected. Previous studies on adherence to PA recommendations showed a socioeconomic gradient on the individual level, although the majority of these used self-reported data (Marques et al., 2014; Parks et al., 2003; Carlson et al., 2010; Jones et al., 1998; Macera et al., 2005) . Not all studies have shown an association between low SES and lower adherence to guidelines. In a study of 1470 Swedish adults using the short version of the IPAQ-questionnaire, subjects with a college/university degree were less likely to be classified as highly active (minimum of 1500 metabolic equivalent [MET]-minutes per week), (Bergman et al., 2008) although this relationship was significant only in men. Few studies have investigated socioeconomic aspects of PA recommendations while simultaneously using objective methods. Ekblom-Bak et al. (2015) showed a significantly lower rate of adherence for achieving 150 min of MVPA per week from prolonged bouts of 10 min or more for subjects with a lower educational level. Similar results were obtained by Scheers et al. (2013) . However, this finding did not persist when adding accumulation of 30 min on most days of the week. Because the current recommendations are based on studies that used selfreported data, caution is advised for transferring these to objective measurements of PA.
CRF levels were significantly lower in the low SES group than in the high SES group and, interestingly, were not modified by differences in mean activity level, minutes of MVPA, or education level. A few studies investigated the effect of socioeconomic factors on fitness. Lakka et al. showed an inverse relationship between CRF and individual-level SES (education, income, occupation) in a population of middle aged Finnish men, using a maximal ergometer bicycle test (Lakka et al., 1996) . In a sample of healthy young adults, Shishenbor et al. showed a strong relationship between low neighborhood SES and impaired VO 2 max, as measured through a symptom-limited graded treadmill exercise test (Shishehbor et al., 2008) . Therefore, the present study is consistent with, and adds to the knowledge of previous studies, regarding the negative association of fitness and the level of SES.
In our study, the difference in fitness, with a 3.4 mL × min
lower mean CRF in low SES areas, corresponding to 1 MET, is clinically relevant. In a meta-analysis of 33 observational cohort studies, Kodama et al. showed that an increase in maximum aerobic capacity of 1 MET was associated with a 13% and 15% decreased risk of all-cause mortality and CVD events, respectively (Kodama et al., 2009) . Another previous study (Blair et al., 1989 ) also indicated health-related threshold values for fitness of 32 and 35 mL × min −1 × kg −1 for women and men, respectively. Below these values, mortality rates increased markedly over an 8-year follow-up (Blair et al., 1989) . The observed absolute values in the present study, with medians of 25 and 28 mL × min
, indicate that a large proportion of participants have a CRF at or below these thresholds. This fact suggests that even modest differences between SES strata may be important for health-related outcomes. As individual fitness levels are explained by genetic variation and the amount of aerobic PA undertaken (Lavie et al., 2015) , these findings emphasize the importance of PA for middle-aged people in general, but especially for low SES populations.
Study limitations and strengths
Strengths of this study include the selection of a sample designed to provide a maximal difference with respect to social advantages, with an even distribution of participants between contrasting SES groups. Furthermore, the use of objectively measured PA through accelerometer assessment provided more detailed and reliable information compared with self-reported measurements. Because the study was conducted throughout the year, this limited the potential confounding of seasonal variability in PA. However, this suggested effect has, as yet, not been observed in Sweden (Hagstromer et al., 2014) . The cross-sectional design of the study did not permit a causal explanation of observed relationships. Uneven participation rates between SES areas were a potential source of selection bias, which possibly diminished the observed disparities because non-respondents may potentially also be less active. There are other methodological issues, such as the limited validity in assessing posture (sitting and standing still). The current definition of non-wear time might have led to excluded observations. However, concordance with previous studies allow for correct comparisons. Moreover, because the device is worn over the hip, upper body movements will not have been accurately estimated. Further, because CRF was estimated indirectly through a sub-maximal test, rather than direct measurement of aerobic capacity, this may have introduced a risk of measurement error. However, this method has been repeatedly validated and tested for reliability.
Conclusions
This study showed an association between residential area SES and PA pattern and fitness, which were at least partly independent of individual SES. Living in a low SES area was associated with significantly fewer minutes of MVPA and lower mean PA levels. Residents of low SES areas were also significantly less likely to reach 150 min of MVPA per week, from bouts of 10 min or more. In addition, low SES was associated with a significantly reduced level of fitness in the studied population. While low SES is undeniably associated with health-related outcomes, these results indicate that disparities between SES areas are potentially mediated through PA and fitness levels. These results further add to the body of evidence that physical inactivity and low fitness levels are potential contributors to social inequalities in health, and may be primary targets for improving public health in populations of low SES. 
